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Design of Multiplierless Decimation Filters Using an
Extended Search of Cyclotomic Polynomials

M. Laddomada, D. E. Troncoso, and G. Jovanovic Dolecek

Abstract—This brief addresses the design of multiplierless dec-
imation filters using an extended set of cyclotomic polynomials
(CPs) as constituent filters. It extends the results presented in a
companion paper by one of the coauthors to CPs with indexes in
the set {1, . . . , 200}, and it presents the z-transfer functions of
all CPs with indexes from 61 to 200. One of the key observations
stemming from the results of this brief is that CPs with indexes
in the set {105, . . . , 200} still have very effective coefficients,
i.e., integers belonging to {−1, 0, +1 }, but z-transfer functions
have to be recursive. Regardless of the application to multirate
filters considered in this brief, these polynomials can also be used
for designing classical finite-impulse response filters. Moreover,
this brief provides guidelines to simplify the design of constituent
decimation filters in multistage architectures and to reduce com-
putational complexity of the proposed filters. Finally, comparisons
are given with respect to other techniques in the literature.

Index Terms—Analog-to-digital (A/D) converter, cascaded
integrator–comb (CIC) filter, comb, cyclotomic, cyclotomic poly-
nomial (CP), decimation, decimation filter, multistage, polynomial,
sigma–delta, sinc filters.

I. INTRODUCTION AND OBJECTIVES

THE DESIGN of multistage decimation filters has recently
received renewed interest spurred by the need of compu-

tationally efficient architectures for wide-band, multistandard,
and reconfigurable receivers [1], [2]. Multistage decimation
filters are also employed for decimating signals oversam-
pled by noise-shaping sigma–delta analog-to-digital (A/D)
converters [3].

Let us briefly present the architecture where these kind of
filters find application by referring to Fig. 1. In Fig. 1(a), a
baseband analog input signal x(t) with bandwidth [−Bx, +Bx]
is oversampled by an A/D converter, whereas a digital signal
is identified by x(nTo). Discrete time To can be easily found
by relating sampling frequency fo to signal bandwidth Bx as
fo = (1/To) = 2ρBx, where ρ ≥ 1 is the oversampling ratio
(notice that ρ > 1 for oversampled signals, whereas ρ = 1
for A/D converters operating at the Nyquist frequency). The
normalized maximum frequency contained in the input signal
is fc = (Bx/fo) = (1/2ρ). With this setup, the sampled signal
x(nTo) at the input of the first decimation filter H(z) shows
frequency components in the range [−fc, fc], as pictorially
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Fig. 1. (a) Architecture of the two-stage decimation structure. (b) Pictorial
representation of the frequency response of the first decimation filter H(z)
along with the key frequency intervals to carefully consider in the design of
the first decimation stage.

depicted in Fig. 1(b). The oversampling factor ρ is split among
two decimation stages in such a way that ρ = D · ν (D and ν
are, respectively, the decimation factors of the first and second
decimation stages).

Upon considering the pictorial frequency response in
Fig. 1(b), it is worth noticing that, unlike classical filter design,
the design of decimation filters calls for stringent constraints in
folding bands defined as[

k

D
− fc,

k

D
+ fc

]
, k = 1, . . . , kM =

⌊
D

2

⌋
(1)

where fc is the normalized signal bandwidth at the input of the
first decimation filter. On the other hand, frequency intervals
identified as do-not-care bands in Fig. 1(b) do not require
stringent selectivity since any spurious signal falling within
these bands will be rejected by subsequent filters in multistage
decimation architectures.

The two basic design specifications for the first decimation
filter H(z) are a passband ripple δp defined (in decibels) as

Rp = −20 log10

(
1 − δp

1 + δp

)
> 0 (2)

and selectivity (in decibels) defined as

As = 20 log10

(
δs

1 + δp

)
≈ 20 log10(δs) � 0. (3)

With this background, let us provide a quick survey of the
recent literature. Excellent tutorials on the design of multirate
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filters can be found in [4] and [5], whereas an essential book
on this topic is [6]. The design of classical FIR filters using
cyclotomic polynomial (CP) prefilters was addressed in [7],
whereas effective algorithms for the design of low-complexity
classical FIR filters embedding CP prefilters were proposed in
[8]–[10]. In [11], the authors proposed a new algorithm for a
multiple constant multiplication problem producing solutions
requiring up to 20% less addition and subtraction than the best
known algorithms. An exact common subexpression elimina-
tion algorithm for optimum sharing of partial terms in multiple
constant multiplication was proposed in [12].

The design of decimation filters based on CPs was proposed
in a companion paper [13] using the set of the first 104 CPs.
Compared with [13], the aim of this brief is as follows. First,
we present z-transfer functions of CPs with indexes from 105
to 200, as well as z-transfer functions of CPs with indexes
from 61 to 104, that were only referred to an internal report
in the companion work [13]. We notice that these CPs do have
coefficients in the set {−1, 0, +1} when we allow recursive
z-transfer functions. This property makes this polynomials
very well suited to computationally efficient filter architectures.
Moreover, in this brief, we extend the design procedure pre-
sented in the companion paper [13] by considering all the CPs
with indexes in the set {1, . . . , 200} and present the design
results in Section III. We also present some hints to reduce
computational complexity of the designed decimation filters.
Finally, Section IV draws the conclusion.

II. OPTIMIZATION ALGORITHM

This section recalls briefly the optimization framework used
in the companion paper [13] for designing low-complexity dec-
imation filters H(z) as a cascade of CP subfilters. We invite an
interested reader to refer to [13] for further details, as well as for
a list of key properties of CPs, and suggestions for the choice of
low-complexity CPs. The main idea at the basis of the proposed
design technique is to represent the frequency response H(fd)
of the decimation filter H(z) [see Fig. 1(b)] as the cascade

H(fd) =
∏|Scp|

q=1 C
mq
q (fd) of eligible CPs in the set Scp (|Scp|

is the cardinality of the set, i.e., the number of eligible CPs).
The frequency response of a CP with index q is identified by
Cq(fd), whereas mq (with mq ≥ 0 ∀ q) is the integer order by
which Cq(fd) appears in the cascade. The z-transfer functions
of the CPs Cq(z) with indexes q ∈ {61, . . . , 200} are shown in
Table I.

The choice of eligible CPs in the set q ∈ {1, . . . , 200} is
accomplished by searching for CPs featuring the two following
properties: At least p% of zeros of Cq(fd) falls within fold-
ing bands defined in (1) [see Fig. 1(b)], and the polynomial
Cq(z) does not have zeros falling in a passband ranging from
0 to fc.

Once the set Scp of eligible CPs along with appropriate
specifications (a passband ripple and folding band attenuations)
has been identified, the design of the decimation filter H(z) is
based on the following optimization problem:

min
m1, ..., m|Scp|

F
(
m1, m2, . . . , m|Scp|

)
=

|Scp|∑
q=1

mq · Nq

subject to :

0)
|Scp|∑
q=1

mqAdq
≤ Rp (ripple)

1)
|Scp|∑
q=1

mqAs(1, q) ≤ As (selectivity)

. . . . . . . . .

kM )
|Scp|∑
q=1

mqAs(kM , q) ≤ As (4)

where Rp is the desired ripple [see (2)] in decibels,
As is the target selectivity in folding bands [see (3)],
Nq is the number of adders of the CP Cq(z) (Nq is
shown in Table I), Adq

= −maxfd∈[0;fc](|Cq(fd)|n)|dB is
the passband ripple of the CP Cq(z), and As(k, q) =
minfd∈[(k/D)−fc;(k/D)+fc](|Cq(fd)|n)|dB is the worst attenu-
ation of the qth CP in Scp within the kth folding band, with
k ∈ {1, . . . , kM} and kM defined in (1) (the subscript n is used
to signify that the polynomials are normalized to have a unity
gain at a baseband). All these values (in decibels) are evaluated
using frequency responses of the eligible CPs in Scp and stored
in look-up tables.

The solution of the mixed-integer linear programming op-
timization problem in (4) is the set of CP orders m =
[m1, . . . , m|Scp|]

T , minimizing the complexity cost function
F (m1, m2, . . . , m|Scp|) (mi = 0 signifies the fact that the ith
CP in Scp is not employed in the synthesis of H(z)).

III. DESIGN EXAMPLES, IMPLEMENTATION

ISSUES, AND COMPARISONS

This section presents some results obtained by applying the
optimization algorithm in (4). For conciseness, in this brief, we
will focus on the design of two decimation filters in Table II,
although these considerations can be applied quite straightfor-
wardly to the design of other decimation filters.

The results of the optimization problem in (4) are shown in
Table II for various specifications of As and Rp. With refer-
ence to the two-stage architecture in Fig. 1(a), we solved the
optimization problem by assuming that the residual decimation
factor is ν (in other words, we assumed that ρ = D · ν).

Some details are in order. The first column in each row
shows the decimation factor and the specifications As and Rp

used in the design, whereas the second column presents the
set of eligible CPs chosen according to the steps discussed
in Section II and the optimal filter H(z) designed with the
optimization algorithm in (4). We notice in passing that H(z)
is always a linear-phase filter being a cascade of linear-phase
constituent filters Cp(z) even when recursive architectures are
devised for each Cp(z) (CPs are only apparently recursive,
whereas in fact, they all only have zeros on the unit circle).

Before presenting the design examples, we point out that
the design of multirate filters based on the extended set of
CPs in Table I yields filters with a number of addition less
or equal to the number obtained by the design based on
only the first 104 CPs, as in [13]. As an instance, the filter
H(z) = C53(z)C59(z)C2

109(z) corresponding to D = 55 and
ν = 11 in Table II requires only eight addition using the first
200 CPs, whereas it requires 11 addition when the design is
accomplished on the first 104 CPs only.
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TABLE I
CYCLOTOMIC POLYNOMIALS Cq FOR q ∈ {61, . . . , 200} ALONG WITH THE NUMBER OF ADDITIONS Nq

As a first example, consider the following filter:

H(z) = C25(z)C2
31(z) =

1 − z−25

1 − z−5
·
(

1 − z−31

1 − z−1

)2

(5)

in Table II, attaining the specifications As = 40 dB and Rp =
1 dB for D = 25. Its architecture in a multistage decimation
structure is shown in Fig. 2(a). From the commutative property
employed in [5], the polynomial 1 − z−25 can be moved across
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TABLE II
OPTIMIZATION RESULTS

the decimator by 25 obtaining a more efficient architecture
shown in Fig. 2(b). Moreover, upon splitting the decimator
in two cascaded decimators, each decimating by 5, the cell
1/(1 − z−5) can be moved on the right side of the first deci-
mator by 5, as depicted in Fig. 2(c). This is the most efficient
architecture for this filter since the original subfilter 1 − z−25

is now a differentiator 1 − z−1 operating at a sampling rate
25 times lower than that in the architecture Fig. 2(a), whereas
the subfilter 1/(1 − z−5) becomes an integrator 1/(1 − z−1)
operating at a sampling rate five times lower than that in the
architecture Fig. 2(a).

The second example concerns the implementation of the
filter H(z) as follows:

C61(z)C64(z)C2
67(z) =

1 − z−61

1 − z−1
(1 + z−32)

(
1 − z−67

1 − z−1

)2

(6)

in Table II, attaining the specifications As = 60 dB and Rp =
1 dB for D = 64 and ν = 4. Its architecture in a multistage

Fig. 2. (a)–(c) Efficient architectures for implementing the decimation stage
embedding H(z) for D = 25. (d) and (e) Efficient architectures for imple-
menting the decimation stage embedding H(z) for D = 64.
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Fig. 3. (a) Architecture of the third-order MSDF filter (a = 1 +
2 cos(α), b = 1 + 2 cos(Dα), α = (πq/ρ), q = 0.79). (b) Architecture of
the SCD filters.

decimation structure is shown in Fig. 2(d). Upon splitting the
decimator in two cascaded decimators, as shown in Fig. 2(e),
the cell (1 + z−32) can be moved to the right side of the first
decimator by 32, obtaining the architecture shown in Fig. 2(e).
This is the most efficient architecture for this filter since the
original subfilter 1 + z−32 becomes an adder (1 + z−1) op-
erating at a sampling rate 32 times lower than that in the
architecture in Fig. 2(d).

In the remainder of this section, we discuss some com-
parisons with other two techniques proposed recently in the
literature.

Consider the modified-sinc decimation filters (MSDF) pro-
posed in [14] along with the specifications As = 40 dB and
Rp = 1 dB noted in Table II for the case D = 25. In order to
attain the underlined specifications when D = 25, a third-order
MSDF is required. The MSDF filter, which can be implemented
using the recursive architecture proposed in [14] (with the
optimal value q = 0.79) and shown in Fig. 3(a), presents a
real multiplier a operating at high frequency as well as a real
multiplier b operating at reduced frequency after decimation by
25. A comparison between the architecture shown in Fig. 3(a)
and the one related to the designed filter H(z) and noted in
Fig. 2(c) shows that the latter architecture for implementing the
proposed filter H(z) is much more computationally efficient
than the equivalent MSDF, in that it does not require any real
multiplication.

Let us focus on the sharpened cascaded integrator–comb
decimation (SCD) filters proposed in [15]. An Lth-order SCD
filter decimating by D has the following frequency response:

∣∣H(ejω)
∣∣ =

∣∣∣∣∣3
(

sin(πfdD)
D sin(πfd)

)2L

− 2
(

sin(πfdD)
D sin(πfd)

)3L
∣∣∣∣∣ .

(7)

In order to meet the specifications As = 40 dB and Rp = 1 dB,
an SCD filter with L = 2 is needed. The architecture imple-
menting such filter is depicted in Fig. 3(b), whereby HC2(z) is
a second-order comb filter with z-transfer function as

HC2(z) =
1

D2

(
1 − z−D

1 − z−1

)2

where D = 25 in this specific setup. Upon identifying with fo

the sampling rate at the input, the computational complexity

required by the filter in Fig. 3(b) is eight adders operating at
fo (two of them required to implement the integer multipliers
× 2 and × 3) and six adders operating at the rate fo/25. On
the other hand, the proposed filter H(z) in Fig. 2(c) requires
four adders at a high rate fo, one at a rate fo/5, and one adder
at fo/25, making it more effective compared with the SCD
architecture.

IV. CONCLUSION

This brief has proposed the design of multiplierless decima-
tion filters based on an extended search of CPs. The aim was
twofold. On one hand, it has proposed an optimization frame-
work for the design of constituent decimation filters in multi-
stage decimation architectures using as basic building blocks
all the CPs with indexes extended to the set {1, . . . , 200}.
On the other hand, this brief has provided a number of use-
ful techniques for designing optimized filters in a variety of
architectures. Design guidelines were provided with the aim
to reduce still further the computational complexity of the
decimation filters.

REFERENCES

[1] M. Laddomada, F. Daneshgaran, M. Mondin, and R. M. Hickling, “A
PC-based software receiver using a novel front-end technology,” IEEE
Commun. Mag., vol. 39, no. 8, pp. 136–145, Aug. 2001.

[2] F. Daneshgaran and M. Laddomada, “Transceiver front-end technology
for software radio implementation of wideband satellite communica-
tion systems,” Wireless Pers. Commun., vol. 24, no. 12, pp. 99–121,
Dec. 2002.

[3] S. R. Norsworthy, R. Schreier, and G. C. Temes, Delta–Sigma Data Con-
verters, Theory, Design, and Simulation. Piscataway, NJ: IEEE Press,
1997.

[4] R. E. Crochiere and L. R. Rabiner, “Interpolation and decimation of digital
signals—A tutorial review,” Proc. IEEE, vol. 69, no. 3, pp. 300–331,
Mar. 1981.

[5] P. P. Vaidyanathan, “Multirate digital filters, filter banks, polyphase net-
works, and applications: A tutorial,” Proc. IEEE, vol. 78, no. 1, pp. 56–93,
Jan. 1990.

[6] R. E. Crochiere and L. R. Rabiner, Multirate Digital Signal Processing.
Englewood Cliffs, NJ: Prentice-Hall, 1983.

[7] R. J. Hartnett and G. F. Boudreaux-Bartels, “On the use of cyclotomic
polynomial prefilters for efficient FIR filter design,” IEEE Trans. Signal
Process., vol. 41, no. 5, pp. 1766–1779, May 1993.

[8] H. J. Oh and Y. H. Lee, “Design of efficient FIR filters with cyclotomic
polynomial prefilters using mixed integer linear programming,” IEEE
Signal Process. Lett., vol. 3, no. 8, pp. 239–241, Aug. 1996.

[9] H. J. Oh and Y. H. Lee, “Design of discrete coefficient FIR and IIR digital
filters with prefilter-equalizer structure using linear programming,” IEEE
Trans. Circuits Syst. II, Analog Digit. Signal Process., vol. 47, no. 6,
pp. 562–565, Jun. 2000.

[10] K. Supramaniam and Y. Lian, “Complexity reduction for frequency-
response masking filters using cyclotomic polynomial prefilters,” in Proc.
IEEE ISCAS, May 21–24, 2006, pp. 3297–3300.

[11] Y. Voronenko and M. Püschel, “Multiplierless multiple constant multipli-
cation,” ACM Trans. Algorithms, vol. 3, no. 2, pp. 1–38, May 2007.

[12] L. Aksoy, E. da Costa, P. Flores, and J. Monteiro, “Exact and approximate
algorithms for the optimization of area and delay in multiple constant mul-
tiplications,” IEEE Trans. Comput.-Aided Design Integr. Circuits Syst.,
vol. 27, no. 6, pp. 1013–1026, Jun. 2008.

[13] M. Laddomada, “Design of multistage decimation filters using cyclo-
tomic polynomials: Optimization and design issues,” IEEE Trans. Circuits
Syst. I, Reg. Papers, vol. 55, no. 7, pp. 1977–1987, Aug. 2008.

[14] L. Lo Presti, “Efficient modified-sinc filters for sigma–delta A/D convert-
ers,” IEEE Trans. Circuits Syst. II, Analog Digit. Signal Process., vol. 47,
no. 11, pp. 1204–1213, Nov. 2000.

[15] A. Y. Kwentus, Z. Jiang, and A. N. Willson, Jr., “Application of filter
sharpening to cascaded integrator–comb decimation filters,” IEEE Trans.
Signal Process., vol. 45, no. 2, pp. 457–467, Feb. 1997.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


